Objective: Health communications are often viewed by people with varying levels of risk. This project examined, in the context of radon risk messages, whether information relevant to high-risk individuals can have an unintended influence on lower-risk individuals. Two studies assessed whether information about lung cancer risk from smoking reduced concerns about lung cancer risk from radon among nonsmokers. Method: American nonsmokers viewed radon messages that varied in what they communicated about smoking's effect on lung cancer risk. Study 1 used a 4-arm factorial, randomized, controlled design in which smoking information was included or excluded from messages assembled from 2 existing radon pamphlets. Study 2 used a 3-arm parallel, randomized, controlled design in which a new radon message excluded smoking information, described smoking as a lung cancer risk, or also described smoking's synergistic effect with radon. Results: In Study 1, the inclusion of smoking information reduced nonsmokers' (n ϭ 462) concern-related reactions to possible radon exposure. In Study 2, nonsmokers' (n ϭ 583) concernrelated reactions were reduced in both smoking-information conditions; intentions to test their home for radon and perceived importance of testing were reduced in the synergistic condition. Conclusion: People reading health-risk information contextualize their risk relative to the risk of others. For people at midlevel risk, concern and related reactions prompted by a health message may be dampened when the message includes information about others who are more at risk. In the case of radon and smoking risks, the inclusion of smoking information can reduce the impact that radon messages have on nonsmokers.
. Health communication campaigns for raising awareness are sometimes aimed at and tailored to people most at risk for a given health threat (Albada, Ausems, Bensing, & van Dulmen, 2009; Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; Noar, Benac, & Harris, 2007) . However, campaigns must sometimes use a coarser strategy in which one message is designed and disseminated to people across many risk levels (Institute of Medicine, 2002) . Consequently, people routinely encounter risk information that varies in personal relevance, and they are left with the task of sorting out the relevant information and determining their own personal level of risk.
The present work addressed a situation in which people at moderate risk for a health hazard are exposed to a risk message that includes salient risk information relevant to those at substantially higher risk. We suspected that in this type of situation, the message may have an unintended effect. Namely, the inclusion of information about a high-risk factor makes information about an important but moderate-risk factor have less impact on an audience's concern than it otherwise would. Previous research has revealed a set of paradoxical consequences a message may have on both intended and unintended audiences (Cho & Salmon, 2007; Waters et al., 2014) , but this research has largely ignored the impact that high-risk information can have on moderate-risk audiences.
The particular context in which we examined this potential effect involved messages about radon, smoking, and lung cancer. Radon-an odorless and naturally occurring gas-is the second leading cause of lung cancer, behind smoking (United States Environmental Protection Agency [EPA], 2003; World Health Organization, 2009 ). Our population of interest was people who identify as nonsmokers, which would include former and neversmokers. Both of these subsets of nonsmokers view their risk of lung cancer as relatively low/moderate (Rutten et al., 2011) .
1,2 We examined how nonsmokers' concerns about radon would be affected by radon risk messages that did or did not contain additional information about the impact of smoking on the risk of lung cancer.
There are multiple, interrelated reasons that people at moderate to low risk may be adversely affected by the presence of information about high-risk people. First, the high-risk information might cause moderate-risk individuals to view a health message as having low personal relevance, thereby blunting the impact of the message (Petty & Cacioppo, 1986) . In the case of communications about lung cancer risks, even if a message is primarily designed to inform people about lung cancer risk from radon, statements about how smoking poses a larger risk or exacerbates risk from radon may signal to nonsmokers that the message is primarily relevant to smokers. Second, information relevant to high-risk individuals might also change intuitive reactions to vulnerability statistics for moderate-risk individuals. The valenced meaning of a numeric risk rate is not inherently obvious (e.g., is a 9% risk reassuring or alarming?), and interpretations can depend on whether that rate is known to be lower or higher than salient comparisons rates (Bigman, 2014; Fagerlin, Zikmund-Fisher, & Ubel, 2007; Flugstad & Windschitl, 2003; Peters et al., 2009; Teigen & Brun, 2000; Windschitl, Martin, & Flugstad, 2002) . Adding disease risk information about smoking (a high-risk rate) could make a disease risk rate about radon (a lower-risk rate) seem smaller than it otherwise would. Finally, motivational forces could work in conjunction with comparative processes. People are generally motivated to maintain a positive self-image and a sense of personal safety, which can influence attention to and processing of threatening information (Brown & Smith, 2007; Ditto & Lopez, 1992; Kiviniemi, & Rothman, 2006; Klein, 1996; Kunda, 1990) . For moderate-risk persons, the presence of information about higher-risk persons may provide an opportunity to actively maintain their sense of health and safety. They can use that information to downplay the personal relevance of the risk communication and to interpret specific vulnerability statistics in a less threatening way.
Radon Risk Communications
Radon risk communications provide an important context in which to examine our question of whether high-risk information might reduce the tendency for moderate-risk people to feel appropriately vulnerable. Radon build-up in basements or lower levels of homes is a significant health concern. Decisions about radon testing and mitigation are typically left to individual homeowners. Awareness and perceptions of radon risks are important precursors to prompting homeowners to take action (Hevey, 2017; Weinstein, Lyon, Sandman, & Cuite, 1998; Weinstein, Sandman, & Roberts, 1990) . Public health communications have been a key means of attempting to inform and sensitize homeowners to the lung cancer risk associated with elevated levels of radon (see, e.g., United States Environmental Protection Agency, 2016; Fisher & Johnson, 1990) .
Our informal review of health communications (e.g., websites, pamphlets, etc.) about radon provided by the EPA and other governmental agencies (e.g., Centers for Disease Control and Prevention, National Cancer Institute [NCI], 2017, etc.) and nongovernmental health advocacy groups (e.g., American Lung Association, American Cancer Society, etc.) revealed that they almost always contain information not just about how radon can cause lung cancer, but also about how smoking can cause lung cancer (e.g., EPA, 2016; NCI, 2017) . There are two important characteristics of this smoking-based risk information, which are shaped by two facts from epidemiological data. First, smoking generally poses a substantially greater risk for lung cancer than does protracted exposure to radon (Keith, Doyle, & Harper 2012) . Second, protracted exposure to radon and smoking increase the risk for lung cancer synergistically, whereby individuals who have both risk factors have a chance of developing lung cancer that is greater than the additive effects of the two factors (superadditive but submultiplicative, Darby et al., 2005; Krewski et al., 2005) . When websites or pamphlets about radon present one or both of these facts about smoking, then nonsmoking viewers are put into an interesting position-of the generic type we highlighted earlier. That is, nonsmokers would be a low-or moderate-risk group that is viewing a health communication that incorporates information for high-risk individuals (smokers). A prime example of this communication approach is illustrated in the EPA's "Citizen Guide to Radon" (2012 and . It warns: "Smoking combined with radon is an especially serious health risk," and it presents statistics that reflect the synergistic effect of smoking and radon (see a relevant illustration in the online supplementary material).
Although nonsmokers are at less risk for lung cancer than smokers (Pinsky, Zhu, & Kramer, 2015) and are less affected by radon than smokers (who are vulnerable to the synergistic effect), this does not mean that nonsmokers should neglect the lung cancer risks posed by radon. Indeed, the EPA recommends that homes be tested for radon, regardless of the smoking status of its occupants. Moreover, the majority of radon-induced lung cancers in the United States occurs among nonsmokers because there is no safe level of radon exposure (National Research Council, 1999) and nonsmokers represent 85% of the U.S. population (Jamal et al., 2016) . Therefore, it is important to test how the inclusion of information relevant to smokers affects how nonsmokers respond 1 Their actual risk for lung cancer also tends to be low/moderate, although the risk for former smokers approaches that for smokers as the number of years since quitting approaches zero (Pinsky et al., 2015) .
2 The key findings in our studies are similar for nonsmokers who are former smokers and those who are never smokers. This is discussed more later, but for most of the paper we refer to the two subsets jointly as nonsmokers. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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to radon messages. We conducted two studies to test this potential impact.
The Current Studies and Key Outcome Measures
For both studies our focus was on people who identified as nonsmokers, including former and never-smokers. Participants viewed pamphlet-style material about lung cancer risk from radon. Depending on the condition within a study, the material included or excluded information about the effects of smoking. For Study 1, messages were assembled from existing public health communications. Study 2 used messages that we created to isolate the type of information being manipulated and to explore the impact of synergistic versus nonsynergistic depictions of smoking and radon risk.
There were two sets of primary outcome measures. First, participants were asked conditional questions about radon concern and related reactions. Specifically, they were asked about concern, risk, and threat appraisals if they learned their home had elevated levels of radon.
3 Second, they indicated their intention to test their home for radon and rated the importance of testing. In major theories of health behavior, intentions are a key precursor for behavioral decisions (e.g., behavior change, prevention, screening; e.g., Ajzen, 1985; Rogers, 1975; Witte, 1992) . The importance of behavioral intentions is borne out in meta-analyses (Sheeran, Harris, & Epton, 2014; Sutton, 1998; Webb & Sheeran, 2006) . Risk appraisals also have central roles in numerous theories of health behaviors (see discussion by Sheeran et al., 2014) . Across many health contexts, ratings of concern, risk, and threat have been shown to be predictive of people's intentions and health-relevant behaviors (Aiken, Gerend, Jackson, & Ranby, 2012; Brewer et al., 2007; Sheeran et al., 2014; Waters et al., 2013 Waters et al., , 2016 . In a study specific to radon, Weinstein et al. (1990) found that concerns about radon and intentions to test were both predictive of radon test orders among New Jersey homeowners. For our studies, we predicted that nonsmokers' concern/risk appraisals and their intentions to test for radon would be higher after reading a message about just radon, rather than one that discusses the risks from both radon and smoking.
Study 1
In Study 1, we wanted to test radon messages that have clear ecological relevance. We used two existing pamphlets as sources for figures and other verbatim information, one from the state of Idaho (Idaho Department of Health and Human Welfare, 2010) and one from the EPA (EPA, 2012). In their original forms, these pamphlets discuss not only the risk of radon causing lung cancer but also the impact of smoking on lung cancer-including some references to the synergistic impact of smoking and radon. From the Idaho pamphlet, we created two messages: one that retained both the radon and smoking information and one that retained only the radon information. The same was done with the EPA pamphlet. Regardless of message source, we hypothesized that nonsmokers who read a message that included smokingrelevant information would express less concern about the effects of radon exposure and less interest in testing their home compared with those who read a version in which smoking information was excluded.
Method
Approvals and registration. Prior to being conducted, both Studies 1 and 2 were approved by the Institutional Review Board of the University of Iowa. The studies were registered retrospectively with ClinicalTrials.gov (number NCT03499535).
Participants and design. Rolling participant recruitment and data collection took place during April 2016 through Amazon's Mechanical Turk (MTurk) crowdsourcing marketplace. MTurk samples are generally diverse relative to other convenience samples (Buhrmester, Kwang, & Gosling, 2011) , and comparison studies show that treatment effects detected in online studies are quite similar between MTurk samples and nationally representative samples from the U.S. population (Mullinix, Leeper, Druckman, & Freese, 2015) . Participants were eligible to participate in the study if they were (a) 18 years old or older, (b) U.S. residents, and (c) had an MTurk account. A total of 617 participants were recruited (58.5% female, 38.4% male; mean age of 35.8 years) and were compensated $0.60 for their time. In the sample, 78.4% self-identified as nonsmokers (20.1% as smokers and 1.5% unspecified; see Section 3 of online supplementary material for more on participant demographics, and see Section 2 for a participant flow diagram). The study used a double-blinded, four-arm factorial randomized trail design with a 1:1:1:1 computer-generated simple randomization. Specifically, the design was a 2 (content: radon only or radon plus smoking) ϫ 2 (source pamphlet: EPA or Idaho) between-subjects design.
Radon message interventions. We created and used the same brief introduction for all four message versions. The remaining content was copied from either the Idaho or EPA source pamphlet in a way that either retained information about both radon and smoking or retained just the information about radon. The radonplus-smoking version and the just-radon version of the message from each pamphlet were identical except that we deleted small amounts of text and altered graphics to remove the smoking information for the just-radon versions. Care was taken to preserve the meaning of key information. 4 See online supplementary material for examples.
Procedure. After providing consent, participants were randomly assigned to read one of the four messages. Then they completed a variety of measures (see below). Upon being debriefed, participants were presented with all relevant smokingrelated information that may have been omitted based on the condition to which they were assigned. Web links for radon testing and mitigation were also provided.
3 Conditional versions of concern or risk appraisal questions, which ask people to assume they have not removed a threat or changed behavior, are recognized as generally better than unconditional versions because of ambiguities that arise when interpreting results from the latter versions (Brewer et al., 2007; Institute of Medicine, 2012) . We directly asked people to assume exposure to radon, clearly implying that behavior had not been changed to avoid that threat. 4 We note two other minor features. First, some explanatory information was added to both versions of the Idaho message (e.g., what radon is and how it enters a home) to ensure that all participants were receiving a roughly similar amount of information about radon. Second, the original EPA publication contains several pages of information that we did not include in either version (e.g., regarding mitigation, home-seller responsibilities, radon in the water supply, etc.). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Measures
Verbatim wording for all items can be found in Section 6 of the online supplementary material. The first four items solicited conditional concern/risk appraisals. Each of those items started with essentially the same conditional (e.g., "If you found out that your home had elevated levels of radon . . ."). Each then continued to ask about concern or appraisals of risk/threat. Specifically, the four questions asked were as follows: ". . . how concerned would you be about its effect on your personal health" (1 ϭ not at all concerned, 7 ϭ extremely concerned), ". . . how do you think this exposure to radon would affect your personal chances of getting lung cancer?" (1 ϭ would have no impact, 7 ϭ would greatly increase), ". . . how would this affect you (i.e., your chance of a health problem) relative to how it would affect the average person?" (1 ϭ much less . . . , 7 ϭ much more . . .), and ". . . does this seem like a minor or major health threat, given all the other health threats in your life" (1 ϭ very minor threat, 7 ϭ very major threat). The variety of four questions we used in this set reflects the variety that exists in studies soliciting concern and risk appraisals (appraisals that successfully predict behavior or intentions; see, e.g., Dillard, Ferrer, Ubel, & Fagerlin, 2012; Weinstein et al., 2007) .
On the next screen were two items about worry and personal relevance. Namely, participants rated (1-7) whether the information they read made them feel worried about radon and whether the radon information seemed personally relevant to them. Then, as a lead-up to questions about testing interest and intentions, the participants were presented with brief information regarding testing, test kits, and mitigation. They were then asked how important it was to have their home tested for radon (1 ϭ not; 7 ϭ extremely) and whether they planned to do so in the near future (1 ϭ definitely not; 5 ϭ definitely yes
). An open-ended follow-up asked why.
Next were unconditional likelihood items. Participants rated how likely it was that their home had high levels of radon (1 ϭ very unlikely; 7 ϭ very likely). They also estimated their likelihood of developing lung cancer in their lifetime on three scales: verbal (1 ϭ very unlikely; 7 ϭ very likely), numeric (0 -100%), and social-comparative scales (1 ϭ I'm much less likely; 7 ϭ I'm much more likely).
Finally, there were exploratory and other items (e.g., demographics, home/residence characteristics, smoking status, and an attention check modeled on Oppenheimer, Meyvis, & Davidenko, 2009 ). See online supplementary material for the full, verbatim list. The key smoking-status item asked participants whether they considered themselves a nonsmoker or smoker, but another item made a finer distinction by asking, "How often do you smoke cigarettes?" (have never smoked, used to smoke but do not now, some days, or every day).
Data Analysis for Studies 1 and 2
Prior to data collection, we set target sample sizes that would give us enough nonsmoking participants to achieve at least 80% power to detect effects of small-medium size (d ϭ .35). The targets were 600 in Study 1 and 750 in Study 2. The final sample sizes (N ϭ 617 and N ϭ 773) yielded 462 nonsmokers in Study 1 and 583 in Study 2, which afforded 96% and 93% power, respectively, for detecting a small-medium effect of message content in pairwise comparisons.
SPSS 23 (Chicago, IL) was used for analyses. For the reported analyses, we excluded participants failing an attention check; this is commonly done to reduce noise from participants not adequately attending to presented material (see Oppenheimer et al., 2009 ). We also omitted participants who ended the survey early, before they indicated their smoker/nonsmoker status. The reported analyses therefore reflect a per-protocol strategy, but we also conducted intention-to-treat analyses (i.e., analyses without the exclusions and with multiple imputations for missing data), which produced the same patterns of findings and similar effect sizes for all main questions. Data for nonsmokers and smokers were analyzed separately. For nonsmokers, additional analyses examined whether never versus former smoker status interacted with key factors. The four concern/risk appraisal items showed good internal consistency and were combined for submission to univariate ANOVAs. A multivariate analysis of variance (MANOVA) approach revealed the same pattern of results. Data for two other key outcome measures-radon testing importance and radon testing intentions-were submitted to ANOVAs. Two-tailed tests were used throughout (␣ ϭ .05).
Results of Study 1
Of the 617 participants, 31 failed the attention check and eight did not complete the survey. Data from these participants were excluded from the analyses reported below, although including these participants would not change the pattern of results. Participant flow diagrams for Studies 1 and 2 can be seen in Section 2 of the online supplementary material.
Nonsmokers. As noted previously, our hypotheses focused on people who self-identify as nonsmokers (n ϭ 462 in our sample). Below we report results for nonsmokers, but we also conducted analyses in which we included never smoker versus former smoker as a factor in the design. This factor did not significantly interact with key results reported below (see Section 7 of the online supplementary material for additional details). That is, whether a nonsmoker was a never smoker or former smoker, they showed similar reactions to the message manipulations that we tested.
Our primary hypothesis was that nonsmokers who read a message that included smoking-relevant content, relative to those reading a message that did not include such content, would express lower concern/risk appraisals about exposure to elevated levels of radon. Our four measures of conditional concern/risk appraisals demonstrated good internal consistency, ␣ ϭ .80. We created a composite of the four measures by standardizing responses per item (within nonsmokers) and averaging across those standardized items. The composites were submitted to a 2 (content: radon only or radon plus smoking) ϫ 2 (source pamphlet: EPA or Idaho) ANOVA. Figure 1 displays the pattern of means. The primary prediction was supported.
Namely, a main effect of content revealed that nonsmokers who read a message that included both smoking and radon information did indeed report significantly lower appraisals of concern/risk (M ϭ Ϫ.09, SD ϭ .80) than those who read a message that included just radon information (M ϭ .09, SD ϭ .79) Although message content had the predicted main effect on conditional appraisals of concern/risk, it did not have a significant effect on participants' ratings of the importance of testing their home nor on their intent to test their home in the near future (ps Ͼ .53). The source main effects and the interactions were also not significant for these items (all ps Ͼ .34). We also note that the message-content manipulation did not significantly impact participants' rating of whether the information made them feel worried (p ϭ .52) and whether it seemed personally relevant (p ϭ .78). In additional analyses, we explored how other factors might interface with the findings reported here, but none qualitatively changed the pattern of results. For example, removing the 8% of the nonsmokers who reported that they already tested their home for radon did not alter the pattern of findings.
5
Recall that our likelihood-judgment questions asked about two types of outcomes: having high levels of radon in the home and developing lung cancer. There is no logical basis to expect an effect of the content manipulation on the former. That is, nonsmokers' perceived chances of being exposed to radon should not be expected to drop because they were reminded of smoking risks. Indeed, the test of this effect was not significant (p ϭ .38). A more logical possibility was that nonsmokers' perceived chances of getting lung cancer would drop because they were reminded of smoking risks. However, a MANOVA on responses to the three questions about lung cancer likelihood did not yield a main effect of message content (p ϭ .75).
Smokers. Although our study was specifically designed to test hypotheses that applied to nonsmokers, our sample did include a small group of smokers (n ϭ 116) for which we conducted exploratory data analyses. One might expect that for smokers, reading about how smokers exposed to radon are at particularly high levels of risk would create greater concern about radon than simply reading about radon information that does not mention smoking. However, the main effect of message content was not significant in a Content ϫ Source ANOVA on data from the composite of concern/risk appraisals (p ϭ .58). The source main effect and interaction were also nonsignificant. No main effects of message content were found for smokers' data on the other key measures (e.g., importance of testing, worry).
Conclusions From Study 1
Study 1 used materials from existing radon pamphlets to test the impact of smoking information on nonsmokers' concern about radon. As expected, radon risk messages that were stripped of information about the greater risks of smoking were more effective than the original messages at increasing nonsmokers' appraised concern/risk about how radon might affect them if exposed to elevated levels. The effects on participants' ratings regarding importance of, and stated intentions of, testing for radon were not significant.
Study 2
Study 2 provides another test of the same hypotheses as Study 1. However, with slightly different materials, it addresses an additional complexity concerning synergistic risk. Epidemiological research has established that smoking and radon are synergistic risk factors for lung cancer. That is, individuals who meet both risk factors have a chance of developing lung cancer that is greater than the chance they have from the additive effects of the two factors (EPA, 2016 (EPA, , 2012 NCI, 2017) . The statistics about smoking and lung cancer from the source pamphlets used in Study 1 reflected this synergistic impact. However, the statistics reflect another fact as well-that the lung cancer risk from smoking is greater than that from radon exposure (considered separately and under broadly representative assumptions). This means that, in Study 1, when we removed the smoking-related information from the radon messages, we were essentially removing the salience of two factsone about the synergistic effect and one about the relative impact of the two factors by themselves. For Study 2, however, we specifically constructed the key materials for the messages so that we could test three types of messages: (a) a radon-only message that focused only on the effect of radon on lung cancer risk, (b) a radon-and-smoking-isolated message that covered the individual effects of radon and smoking on lung cancer but without mentioning their synergistic effect, and (c) a radon-and-smokingsynergistic message that covered the individual effects of radon and of smoking but that also included information about their synergistic effect. Henceforth, we will refer to these as the radononly, R&S-isolated, and R&S-synergistic messages, respectively.
Our predictions pertained to nonsmokers. We expected that their appraised concern/risk if exposed to radon and their interest in testing for radon would be highest if they read the radon-only message and lowest if they read the R&S-synergistic message. We did not have an a priori prediction as to whether concern-and testing-related responses in the R&S-isolated group would be more like the radon-only or R&S-synergistic group. 5 For concern/risk appraisals, test-importance ratings, and testing intentions, there were no substantive changes to patterns of significant findings when also removing responses from people living in mobile homes (n ϭ 22) or home/apartment units above the second floor (n ϭ 44). See the online supplementary material for tests of moderation involving other factors, although none of those results change the main conclusions reported here. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Method
Participants, design, and procedure. Participant recruitment and data collection took place during August 2015 on MTurk. Compensation, and eligibility criteria were identical to those from Study 1. Participants (N ϭ 773; 55.6% female, 38.8% male) had a mean age of 34.7 years (SD ϭ 11.9), and 79.0% were nonsmokers (16.7% smokers and 4.3% unspecified; see Section 3 of online supplementary material for a more detailed description of participant demographics). This study used a double-blind, three-arm, parallel, randomized trial design in which computer-generated randomization allocated participants based on a 1:1:1 simple randomization procedure. Specifically, after providing consent, participants were randomly assigned to view one of three messages, depending on the message-content condition: radon-only, R&S-isolated, and R&S-synergistic. Measures and a full debriefing followed.
Radon message intervention. All three messages started with the same illustrated introduction, which was similar to what people would find in radon pamphlets and websites (describing radon, where it comes from, where it is most prevalent, and that it can cause lung cancer). Then, the three messages differed in their textual description of risks for lung cancer.
Radon-only condition. Radon can be dangerous to anyone. High radon exposure increases the risk of lung cancer. This is true, regardless of the presence or absence of other risk factors.
R&S-isolated condition.
Radon can be dangerous to anyone. As most people know, smoking also causes lung cancer. In other words, either high radon exposure or smoking can be problematic. They each increase the risk of lung cancer.
R&S-synergistic condition.
Radon can be dangerous to anyone, but it is especially hazardous to people who smoke. As most people know, smoking causes lung cancer. However, smoking also increases the risks associated with radon exposure. In other words, the combination of smoking and high radon exposure is particularly problematic. High radon exposure is more dangerous for smokers than nonsmokers. The combination of these two risk factors elevates the risk of lung cancer beyond simply adding the risk associated with smoking and the risk associated with radon.
Next, each message contained its own statistical graph depicting the chance of developing lung cancer for different risk profiles (see Section 8 in online supplementary material). The statistical values represented in all graphs were derived from Chen (2005) . Therefore, the values represented the best available factual data as interpreted to fit the categories we used in the graphs (e.g., high exposure). Regardless of version, all three graphs represented the same statistical values relevant to nonsmokers. Namely, each graph contained a bar on the far left showing that nonsmokers who are not overexposed to radon have a 1% chance of developing lung cancer, and in each graph, the next bar showed that nonsmokers who are overexposed to radon have a 5% chance of developing lung cancer. In the radon-only condition, these were the only two bars represented. In the R&S-isolated condition, a third bar showed that smokers who are not overexposed to radon have a 12% chance of developing lung cancer. In the R&S-synergistic condition, this third bar was shown as well as a fourth bar that showed that smokers who are overexposed to radon have a 31% chance of developing lung cancer.
To adequately engage our MTurk participants with processing the graphs and to aid comprehension, we revealed each bar in a graph on sequential screens, accompanied by an annotation for what the bar meant. When the first bar appeared in all conditions, the annotation, with an arrow pointed at the bar, read as follows: "People who are not overexposed to radon have a low risk of developing lung cancer (1%)." When the second bar appeared in the radon-only condition, the annotation was: "People who are overexposed to radon have a much greater risk of developing lung cancer (5%)." In the other conditions, the words "are at greater risk" replaced "have a much greater risk." When the third bar appeared in the R&S-isolated condition, the annotation was: "Smokers who are not overexposed to radon are at still greater risk of developing lung cancer (12%)." When the fourth bar appeared in the R&S-synergistic condition, the annotation was: "The greatest risk is for those who smoke and are overexposed to radon. Their risk far outstrips the other categories (31%)."
Finally, all messages presented brief information about testing and mitigation. This was the same information that appeared before measures about testing in Study 1.
Measures. The measures were the same as those in Study 1, except for the following variations. A new question asked whether participants would like to see additional information at the end of the survey regarding finding and using radon tests (this information was later shown if requested). Also, participants were prompted in one of two ways to type in their e-mail address for a chance to receive one of 20 free test kits. The wording either suggested that participants could opt into this raffle by typing their e-mail, or it suggested everyone should type their e-mail except for people who wanted to opt out by typing "no thanks." This exploratory nudge manipulation led to slightly more registrations (p ϭ .04) with the opt-out wording (58.0%) than the opt-in wording (50.4%), but this finding is not discussed further.
The personal relevance question was not included. The question about the likelihood of high levels of radon in the home was also answered on numeric and social comparative scales. The worry question appeared after the lung-cancer likelihood questions. Items about whether loved ones live in the home, concern about these loved ones if radon was high, and whether thoughts of loved ones affected interest in testing were added. A defensiveness item asked whether people did not want to think about lung cancer. Memory items asked participants to report what statistic had been presented as the chance of developing lung cancer for nonsmokers exposed to high levels of radon (or just people exposed to high radon for those in the radon-only condition) and to indicate how many bars appeared on the graph they had seen. An item asked whether they found the bar graph confusing. Finally, a second attention check item was added. A comprehensive list of measures can be found in Section 9 of the online supplementary material.
Results
Twenty-eight participants failed to complete the survey, and an additional 36 failed one or both attention checks. Data from these participants were excluded from analyses reported below, leaving an effective sample of N ϭ 709. However, including their data did not change the pattern of significant results, nor did excluding participants who failed the memory items. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Nonsmokers. Again, our analyses here focused on people who self-identified as nonsmokers (n ϭ 583). Additional analyses reported in Section 10 of the online supplementary material revealed that subtype status (never smoker vs. former smokers) did not significantly qualify the findings reported below. Reponses to the four conditional concern-related items demonstrated good internal consistency (␣ ϭ .84) and were combined as in Study 1. The resulting composites were then submitted to a one-way ANOVA. The omnibus test of message type was significant, F(2, 580) ϭ 23.64, p Ͻ .001, partial 2 ϭ .08. Figure 2 displays the pattern of means. As predicted, concern was generally highest in the radononly condition (M ϭ .25, SD ϭ .81) and lowest in the R&S-synergistic condition (M ϭ Ϫ.31, SD ϭ .85), significantly different at p Ͻ .001, CI [.39, .71 ). Level of concern in the R&S-isolated condition (M ϭ .04, SD ϭ .73) was between and significantly different from levels in the radon-only condition (p ϭ .01, CI [.05, .36]) and R&S-synergistic condition (p Ͻ .001, CI [.19, .51] ). This pattern suggests that the impact of the radon message for enhancing nonsmokers' concern was reduced by including information about the lung cancer risk of smoking, and it was further reduced by including information about the synergistic nature of the effect.
Unlike in Study 1, message type also affected participants' ratings of how important it was to test their home for radon, F omnibus (2, 578) ϭ 4.69, p ϭ .01, partial 2 ϭ .02. 6 As expected, these ratings were highest in the radon-only condition (M ϭ 5.56, SD ϭ 1.39) and lowest in the R&S-synergistic condition (M ϭ 5.12, SD ϭ 1.58) (significantly different at p Ͻ .01, CI [.14, .73]). Ratings in the R&S-isolated condition (M ϭ 5.46, SD ϭ 1.41) were not significantly different from those in the radon-only condition (p ϭ .50) but were higher than those in the R&S-synergistic condition (p ϭ .02, CI [.05, .63]). A similar pattern held for responses on the 5-point intent-to-test measure, F(2, 580) ϭ 3.375, p ϭ .035, partial 2 ϭ .01. Responses were highest in the radononly condition (M ϭ 3.57, SD ϭ 1.05) and lowest in the R&S-synergistic condition (M ϭ 3.31, SE ϭ 1.20) (significantly different at p ϭ .02, CI [.03, .48] ). Responses in the R&S-isolated condition (M ϭ 3.57, SD ϭ 1.06) were not significantly different from those in the radon-only condition (p ϭ .98) but were higher than those in the R&S-synergistic condition (p ϭ .03, CI [.03, .48 
]).
Similar effects were not significant on the two newly added measures of testing interest. The rates of nonsmokers who said they wanted to read more about finding and using radon tests were similar in the radon-only (47.2%), R&S-isolated (42.4%), and R&S-synergistic (40.9%) conditions, 2 (2, N ϭ 583) ϭ 1.75, p ϭ .42. The rates of nonsmokers who entered their e-mail address for a chance to receive a free test were also approximately the same across the three conditions (50.8%, 54.0%, and 53.8%, respectively), 2 (2, N ϭ 583) ϭ .53, p ϭ .77. We again did not expect the message variations to affect likelihood judgments about having high levels of radon in the home, and this was borne out in nonsignificant effects from an ANOVA on a composite of those data (p ϭ .18). However, the more logically compelling possibility that message variations would affect perceived likelihoods of getting lung cancer was confirmed. An ANOVA on the composite of those items was significant, F(2, 580) ϭ 14.0, p Ͻ .001, partial 2 ϭ .05. Likelihood judgments were highest in the radon-only condition (M ϭ .25, SD ϭ .92) and lowest in the R&S-synergistic condition (M ϭ Ϫ.18, SD ϭ .85) (significantly different at p Ͻ .001, CI [.26, .60] ). Responses in the R&S-isolated condition (M ϭ Ϫ.09, SD ϭ .77) were significantly lower than those in the radon-only condition (p Ͻ .001, CI [.18, .51]) but were not different from those in the R&S-synergistic condition (p ϭ .34).
Finally, message content did not have a significant impact on the defensiveness measure (p ϭ .59), but it did have significant effects on nonsmokers' ratings of whether the information made them worried, F(2, 579) ϭ 3.07, p ϭ .047, partial 2 ϭ .01, and how concerned they would be about loved ones if they learned their home had high radon, F(2, 435) ϭ 4.02, p ϭ .02, partial 2 ϭ .02. For worry, ratings were highest in the radon-only condition (M ϭ 4.75, SD ϭ 1.79) and lowest in the R&S-synergistic condition (M ϭ 4.32, SD ϭ 1.70) (different at p Ͻ .02, CI [.08, .77]). Responses in the R&S-isolated condition (M ϭ 4.64, SD ϭ 1.74) were not significantly different from either of the other groups. For concern about loved ones, ratings were again highest in the radononly condition (M ϭ 6.02, SD ϭ 1.29) and lowest in the R&S-synergistic condition (M ϭ 5.58, SD ϭ 1.50) (different at p Ͻ .01, CI [.12, .76] ). Responses in the R&S-isolated condition (M ϭ 5.93, SD ϭ 1.32) were not significantly different from those in the radon-only condition (p ϭ .56) but were higher than those in the R&S-synergistic condition (p ϭ .03, CI [.03, .67]).
Smokers. As in Study 1, exploratory analyses on data from the relatively small number of the current smokers (n ϭ 126) were also conducted (i.e., the same analyses as described for nonsmokers). We detected no significant effects on any of the primary measures, including concern/risk appraisals, responses about testing, and likelihood judgments. 6 For concern/risk, test importance, and testing intentions, there were no substantive changes to patterns of significant findings when removing responses from people who previous tested their home (n ϭ 73), live in a mobile home (n ϭ 26), or live in a home or apartment unit that is above the second floor (n ϭ 62). See the online supplementary material for tests of moderation involving other factors, although none of those results change the main conclusions reported here. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Conclusions From Study 2
Message-content effects were detected on multiple dependent measures. In each case, the mean for the radon-only condition was the highest of the three conditions, and the mean for the R&S-synergistic condition was the lowest-a pattern that precisely fits our predictions. Exactly where the mean for the R&S-isolated condition fell within the space between the other two means varied somewhat across measures. For the concern/risk appraisals and for the lung cancer risk estimates, the R&S-isolated means were significantly different from those in the radon-only condition, indicating that even the inclusion of nonsynergistic information about smoking can have a deleterious effect on people's concerns and risk appraisals about radon and lung cancer. For responses about the importance of testing and plans to test, as well as for concern/risk appraisals, there was a significant difference between means in the R&S-isolated and R&S-synergistic conditions. This suggests that for these constructs, the impact of adding synergistic information to a message was stronger than the impact of adding smoking information without the complete synergistic information.
General Discussion
Unless tailored for people at a specific risk level, health communications are often designed with the hope of providing useful information to anyone at risk, but especially those at high risk. The present work addressed a situation in which people at moderate risk from a potential health hazard are exposed to a message that includes salient risk information relevant to those at substantially higher risk. It might be assumed that people typically pay attention only to personally relevant risk information and largely ignore the nonrelevant segments. If true, the presence of high-risk information should have no impact on people of lower risk. However, we hypothesized an unintended consequence of information about a high-risk factor: Its inclusion might cause information about an important but moderate-risk factor to have less impact on an audience's concern than it otherwise would. Two studies tested this potential effect in the context of messages about radon. Study 1 involved materials pulled directly from public health agencies' radon communications. Nonsmokers who saw materials that included smoking-related references reported significantly lower concern/risk appraisals if exposed to radon, relative to those who viewed altered materials that removed references to smoking risk. In Study 2, participants viewed radon messages that either omitted all references to smoking, depicted the individual but substantial risk that smoking also poses, or depicted the synergistic effect of radon and smoking. The inclusion of smoking information (even information that did not include the synergistic effect) significantly reduced nonsmokers' concern/risk appraisals and perceived vulnerability to lung cancer. Additional information about the synergistic risk further reduced concernrelated responses, and it significantly reduced people's intentions to test for radon and the perceived importance of testing.
The present work did not focus on isolating underlying mechanisms for the observed effects, but there are multiple potential causes to consider, as noted in the introduction. First, radon pamphlets that make prominent mention of the risks of smoking-for example, by mentioning smoking in the title or presenting risk information separately for smokers and nonsmokers-might strike nonsmokers as less relevant to them than would the same pamphlet without the smoking information emphasis.
7 They might therefore process the message more superficially and perhaps be less influenced by statistics and arguments within the message (Petty et al., 1986) . Second, people may use comparisons to help interpret a statistical value that applies to them (is it low or high, comforting or scary?; Flugstad et al., 2003; Peters et al., 2009; Teigen et al., 2000) . When a nonsmoker learns that a high level of radon exposure leads to a 5% chance of lung cancer, but smoking leads to a 12% chance of lung cancer, 5% might not look too bad (e.g., Fagerlin et al., 2007; Windschitl et al., 2002) . More generally, people are prone to making social comparisons (Festinger, 1954) . When a pamphlet effectively reminds an individual who does not smoke that people can be categorized as smokers or nonsmokers, a social comparison between the self (a nonsmoker) and smokers could reduce concern about lung cancer from radon. Finally, the above processes might be fueled by, or work hand in hand with, motivated tendencies (Kunda, 1990) . Learning that a dangerous, odorless gas might be lurking in one's basement could be unpleasant. Cues that suggest one's personal risk is not high might be welcome. Therefore, people might be highly inclined to find cues that allow them to downplay the relevance, meaning, or magnitude of radon-related information or statistics (Weinstein, Klotz, & Sandman, 1988) .
Testing these effects in the context of radon, smoking, and lung cancer is important for several reasons. First, radon is a major public health problem (EPA, 2003; Field & Withers, 2012; World Health Organization, 2009 ). Second, decisions about testing and mitigation are often left to individual homeowners, and perceptions of personal vulnerability have been shown to predict radontesting interest (Weinstein et al., 1990; Weinstein et al., 1998) . Third, existing health communications about radon typically include significant information about the lung cancer risk from smoking. Fourth, nonsmokers comprise 85% of the U.S. population and therefore represent the group in which most of the radon-induced lung cancers are occurring (Jamal et al., 2016) . Nonsmokers should not be considered a negligible-risk group for radon-induced lung cancer. The EPA recommends that all homes be tested for radon and that any home testing above the EPA Radon Action Level (4 pCi/L) should undergo radon mitigation, irrespective of occupant smoking status.
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Yet another notable characteristic of the radon-messaging issue is the fact that smoking and radon have a synergistic impact on lung cancer risk. This raised a pair of questions. Is highlighting the synergistic nature of the impact in a radon message necessary for seeing any negative ramifications for nonsmokers (e.g., reduction in concern)? If not, does highlighting the synergistic impact exacerbate the negative ramifications for nonsmokers-beyond those from merely including information about smoking being a major 7 In Study 1, a question about whether the radon information seemed personally relevant was not significantly affected by message content, but this result does not disqualify what seems like a strong logical possibility that relevance plays a role. That question asked very specifically about the radon content, and participants who read materials that included smoking information might have implicitly compared the relevance of the radon content with the relevance of the smoking content, causing an upward push in ratings and obscuring the meaning of the null effect. 8 The EPA also notes that the radon levels less than 4 pCi/L still pose a risk and in most cases can be reduced (EPA 2012) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
cause of lung cancer? In Study 2 we learned that this synergistic characteristic is not a necessary ingredient for seeing negative ramifications of added smoking information. For nonsmokers, the effects of adding smoking information-even without synergistic information-could be seen on concern-related measures and lung cancer risk perceptions. Nevertheless, the findings also suggest that for the concern-related responses and for responses about testing, adding synergistic information can exacerbate the effect. We suspect that the added impact of synergistic information would generally depend on the way it is depicted and discussed. Previous research suggests that people typically have difficulty appreciating synergistic mechanisms and impact (e.g., Dawson & Dohle, 2016; Dawson, Johnson, & Luke, 2013; Hahn et al., 2014; Hampson, Andrews, Barckley, Lichtenstein, & Lee, 2000) .
Limitations and Future Directions
One limitation of the studies was a lack of measures for possible mediators. We have discussed a set of possible mechanisms, but the inclusion/exclusion of smoking-related information naturally changes messages in a number of ways, including the length and complexity of the messages. Therefore, more research is needed to isolate and test particular mediating mechanisms. A second limitation was that the studies did not measure whether people actually conducted a radon test. We relied on established theories and related empirical results to provide the foundation for assuming that concern/risk appraisals, attitudes about testing, and reported intentions are important precursors to radon testing (Aiken et al., 2012; Brewer et al., 2007; Sheeran et al., 2014; Waters et al., 2016; Weinstein et al., 1990) . However, establishing this link within a single study that also included the message-content manipulations would be an important advancement. Finally, our studies did not use best practices for communicating uncertainty in the health messages. In Study 1, we constrained our message materials to maintain ecological relevance by using radon messages that are currently available (e.g., used by the EPA). In Study 2, we used bar graphs that, although certainly common, are unlikely to be the most effective means of clearly communicating risk. Pictographs or icon arrays have advantages over other formats like bar graphs (Galesic, Garcia-Retamero, & Gigerenzer, 2009; Zikmund-Fisher, et al., 2008) . Only future research could determine whether the effects we detected here would be mitigated by different formats, such as pictographs.
Conclusion
Our findings demonstrate an unintended consequence of including information relevant to high-risk individuals in health communications seen by low-and moderate-risk individuals. This effect can be added to a list of paradoxical consequences a message may have on intended and unintended audiences (Cho et al., 2007) . In the case of radon risk messages, our findings might illuminate one reason that testing rates for radon are generally low (Field, Kross, & Vust, 1993; Hevey, 2017) . In searching for solutions, it might be tempting to view the present studies as suggesting that smoking information should be removed from radon communications. We would urge caution here. Evaluating that solution requires weighing many considerations that are outside the purview of this paper (e.g., How would this impact smoker's motivation to test or to quit smoking?). 9 A technological solution that could be applied to website-based communications would involve message tailoring. Namely, a website could ask people to first indicate whether they smoke or not before it displays a tailored, nonsmoking version to nonsmokers, but a smoking version to smokers. However, such tailoring solutions are not always feasible. Future research on broad-audience communications should test format and phrasing interventions that would discourage people at all risk levels from making comparisons that encourage or allow more complacency about a risk than is warranted. 9 Recall that the sample sizes for the smoking segment of our studies was relatively small, making those samples inadequate for answering questions about how removing smoking information would influence smokers' (rather than nonsmokers') responses to radon messages.
